Introduction
Esophageal carcinoma (EC) is a very most common cancer with the leading cause of death for cancer worldwide. 1 Although significant progress has been made in diagnostic procedures and multimodality treatment approach of esophageal cancer, more than two-thirds of all patients with EC develop local recurrence or distant metastases. 2 The recurrence and metastasis supposedly result from clinically occult, minimal residual disease caused by circulating tumor cells (CTCs), or disseminated tumor cells. 3 CTCs may have the potential to be precursors of metastases and show clinical benefits in treatment and prognosis in patients with esophageal cancer.
CTCs are tumor cells that leave the primary tumor site and enter the bloodstream, where they can spread to other organs. CTCs have been used in many aspects of cancer management, such as monitoring tumor recurrence and treatment efficacy, determining drug-selection strategies, and predicting the survival of cancer patients. 4 The prognostic value of CTC detection has been confirmed in patients with many cancers, such as lung, 5 gastric, 6 and colorectal 7 cancer. For patients with esophageal cancer, although a previous meta-analysis has shown the clinicopathological and prognostic value of CTCs, 8 there are some limitations. Most of the retrieved studies in that meta-analysis did 
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Hou et al not show the survival effect, only seven data were available for overall survival (OS), and the prognostic value of CTCs was also unclear in the subanalysis. So there still remains controversy regarding the clinicopathological and prognostic value of CTCs in esophageal cancer.
With the controversies existed in the prognostic role of CTCs for esophageal cancer, here, we conducted the metaanalysis of published literature on this topic to summarize the evidence of the potential clinicopathological and prognostic value of CTCs in esophageal cancer.
Methods

Search strategy
Two authors systematically searched the studies. With the keywords "esophageal cancer", "circulating tumor cells", "prognosis", and "peripheral blood", we searched PubMed, EMBASE, Science Citation Index Expanded, and Cochrane library (from inception to July 2018). An additional search through Google Scholar was conducted to identify other potentially relevant publications. Discrepancies were resolved by the third author.
inclusion and exclusion criteria
To keep our analysis accurate and reliable, the studies were selected according to the following inclusion and exclusion criteria. The inclusion criteria were 1) studies aiming at the association between the CTCs and either OS or progressionfree survival (PFS) of esophageal cancer; 2) sufficient data to calculate a HR, risk ratio (RR), or OR, and 95% CI being available; and 3) at least 20 patients were involved in the studies.
The exclusion criteria were 1) studies based on overlapping patients; 2) meta-analysis, review, single test, case report, conference reports, and experiments, reporting of the expert experience; 3) outcome is not clear or the apparent paradox exists.
Data extraction and outcomes
Data retrieved from the studies included first author's name, year of publication, number of patients, detection rate, country, methods and markers for CTC detection, sample, prognostic value (OS or PFS), HR, etc. Primary outcomes were OS and PFS. Secondary outcomes were overall response rate (ORR), recurrence, and clinicopathological characteristics with CTCs. For studies with multiple markers in CTC detection (each marker within the study can define the positivity of CTCs), each marker was considered an independent data set. If the HR and its 95% CI for OS or PFS were not reported directly in the original study, available reported data were calculated for the approximated HR using software designed by Tierney et al. 9 All data were extracted independently by two investigators, and disagreements were resolved by discussion.
Statistical analysis
We used the STATA 12.0 package (StataCorp, College Station, TX, USA) to analyze the data in our meta-analysis. The estimated HR was used to evaluate the prognostic effect (OS and PFS) as demonstrated by Parmar et al, 10 and HR .1 reflects worse prognosis in the CTC-positive arm. The estimated RR was used to evaluate the response of chemoradiotherapy (ORR), and the estimated OR was used to evaluate the recurrence and summarize the association between CTC detection and clinicopathological characteristics. All statistical values (pooled HR, RR, and OR) were reported with 95% CIs, and the two-sided P-value threshold for statistical significance was set at 0.05. Heterogeneity was assessed by I 2 inconsistency test and chi-squared-based Cochran's Q statistic test; I 2 .50% or P,0.1 indicated significant heterogeneity. When I 2 ,50% and P.0.1, the fixed effect model was used, or the random-effects model was used conversely. 11 Publication bias for survival effects was detected by Begg's test and Egger's test; P,0.05 was considered of significant publication bias. 12 The Newcastle-Ottawa scale was used to assess the quality of the retrieved studies, and score 5-9 was of high quality and score 1-4 was of low quality. 13 Furthermore, subgroup analyses were made according to variables such as country, methodology, number of patients, patients' positive rate, and sample. This article follows the Quality Of Reporting Of Metaanalyses (QUORUM) and the Cochrane Collaboration guidelines (http://www.cochrane.de) for reporting meta-analysis (PRISMA statement).
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Results
Baseline study characteristics
According to the above-mentioned retrieval method, we identified 431 studies in this systematic literature search. Detailed steps of the search were shown in Figure 1 . Finally, 18 cohort studies met the inclusion and exclusion criteria and were included in our meta-analysis. [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] The basic characteristics of these studies were showed in Table 1 . A total of 1,719 patients were involved in these studies, the median number of patients was 95, and the median CTC-positive patients rate of the patients was 44.3% (range from 13.9% to 69.4%). These studies were from five countries (China, Japan, Germany, United Kingdom, and United States) with different detection methods (nine studies used RT-PCT, 
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CTCs in esophageal cancer Abbreviations: IHC, immunohistochemistry; OS, overall survival; PFS, progression-free survival.
while the others used cytological methods). All of the studies provided at least one data for survival effect. For the quality assessment shown in Table 1 , all the retrieved studies were of high quality (score 5-7).
OS
Seventeen studies provided the data for OS with 1,353 esophageal cancer patients. When pooling the HR for OS, no significant heterogeneity between these studies was found
OncoTargets and =18.9%, P=0.233), and a fixed effect model was used. The estimated HR for OS was 2.50 (95% CI=2.12-2.94), and a poor OS was found in CTC-positive patients compared with the CTC-negative patients. As to the difference of the detection methods, the studies were divided into two subgroups (the PCR group and the non-PCR group). The results were shown in Figure 2 . A significant difference in OS between CTC-positive and CTC-negative patients was found in both PCR and non-PCR subgroups. The estimated HR was 2.41 (95% CI=1.83-3.18) in the PCR subgroup and 2.54 (95% CI=2.08-3.11) in the non-PCR subgroup.
PFS
Fifteen studies with 1,437 patients were available for PFS. As showed in Figure 3 , there was a significant heterogeneity in PFS between these studies (I 2 =50.2%, P=0.014). The random effects model was used, and the pooled HR for PFS was 2.61 (95% CI=2.08-3.28) (Figure 3 ). More tumor progression was found in CTC-positive patients than the CTC-negative patients. As to the subanalysis, the heterogeneity in PCR subgroup decreased to no significance (I 
Subgroup analyses on survival effects
Besides detection methods, we made other subgroup analyses according to the difference in the variables (country, number of patients, positive rate of the patients). The results were showed in Table 2 . The median patient number per study for OS and PFS was 90 and 108, respectively. And the median positive rate for OS and PFS was 44.4% and 44.3%, respectively. The results showed a significant prognostic effect for OS and PFS and demonstrated a higher risk of deaths or progression in the CTC-positive patients than the CTCnegative patients for all subgroups. The pooled HRs of OS 
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Hou et al and PFS in non-East Asia, non-PCR, high patients' positive rate subgroups were more conspicuous compared with that of their paired subgroups. Besides, for the heterogeneity on OS, it was of no significance in the overall analysis. The heterogeneity in PFS decreased to no significant difference by exclusion of studies in the non-PCR or low patients' positive rate groups, and the obvious heterogeneity in PFS was disappeared in both subgroups when subgroup analyses were made according to the difference in country. This may indicate that country was an important source of inconsistency in PFS.
Recurrence and response of chemoradiotherapy
Three studies provided the data for the association between tumor recurrence and CTCs. With no significant heterogeneity (I 2 =4.5%, P=0.370), a fixed effect model was used and the pooled OR was 2.84 (95% CI=1.81-4.44) ( Figure 4A ). The pooled OR showed that more tumor recurrence after surgery was found in CTC-positive patients than CTC-negative patients. Tumor recurrence after surgery treatments was more frequently observed in the CTC-positive patients.
For patients who received chemoradiotherapy, the ORR was used to evaluate the response of chemoradiotherapy, and three studies were available. When pooling the estimated RR, a random effects model was used (I 2 =73.6%, P=0.002); the pooled RR was 0.64 (95% CI=0.43-0.96) ( Figure 4B) . A poor response of chemoradiotherapy was found in CTCpositive patients.
Clinicopathological characteristics
For the clinicopathological characteristics, we extracted the clinical variables from the included studies, when they were mentioned at least in four studies. Then the pooled OR was used to assess the potential correlation between detection of CTCs and clinical variables, and the results were shown in Table 3 . Nine clinicopathological characteristics were extracted and analyzed in our meta-analysis. There were no significant differences of CTCs detection results in gender, degree of tumor differentiation, and tumor location (the pooled OR and 95% CI was 0.98 [0.70-1.37], 1.20 [0.79-1.82], and 0.82 [0.60-1.11], respectively). However, for other clinicopathological characteristics, 10 studies mentioned the association between pathological stage and CTC detection; the pooled OR indicated a significantly higher incidence of CTCs in the stage III/IV group compared to the stage I/II group, and the OR was 2.51 (1.68-3.76). A same result was also found for the association between CTCs detection and depth of infiltration, regional lymph nodes metastasis, and distant metastasis. Higher incidence of CTCs was found in T3/T4, regional lymph nodes metastasis positive, and distant metastasis positive patients compared with its paired group. Four studies mentioned the association between lymphatic/ venous invasion and CTCs detection. For lymphatic invasion, the pooled OR was 1.73 (95% CI=1.17-2.57), and for venous invasion, the pooled OR was 2.07 (95% CI=1.40-3.08). Higher incidence of CTCs was found in either lymphatic invasion or venous invasion positive group. Note: Adj R 2 , proportion of between-study variance explained. Abbreviations: Coef., coefficient; OS, overall survival; PFS, progression-free survival; SE, standard error.
Evaluation of heterogeneity and publication bias
For the significant heterogeneity in PFS, we conducted a meta-regression to explore the potential sources of heterogeneity, and the meta-regression was made according to the covariates of country, patient number, detection rate, and detection methods. The result was shown in Table 4 . In a univariate analysis, the positive rate of the patients showed a significant explanatory variable that influenced the heterogeneity of estimated HR for PFS (coefficient=-0.603, P=0.005), and it explained almost 100% proportion of between-study variance. Besides, although with no statistical significance (P=0.277), number of patients also explained 11.74% proportion of between-study variance for the heterogeneity in PFS. For the meta-regression on the heterogeneity of OS, the positive rate of the patients contributed to heterogeneity across studies on OS significantly (coefficient=-0.505, P=0.177), which explained almost 100% variances among studies on OS. And country also explained part proportion of between-study variance for the heterogeneity in OS.
Publication bias was detected by Begg's test and Egger's test. Note that, P,0.05 meant the existence of publication bias. No publication bias was found in OS (Begg's P=0.131, Egger's P=0.062) and PFS (Begg's P=0.174, Egger's P=0.089).
Discussion
EC is a malignant tumor originating from the epithelium of the esophagus, and it is one of the most aggressive tumors, with a median survival of less than 2 years and the 5-year survival rates below 30%. 2 CTCs are very important in the diagnosis, treatment, and prognosis of malignant tumors. Lots of studies have been designed to explore the prognostic value of CTCs in many tumors. The poor prognosis of CTCpositive patients has been confirmed in many solid tumors. But for esophageal cancer, the prognostic value of CTCs was still unclear. This meta-analysis provided evidence to evaluate the clinicopathological and prognostic significance of CTCs in patients with esophageal cancer by summarizing all relevant studies.
In this meta-analysis, it has been demonstrated that CTCs in peripheral blood were significantly associated with poor PFS and OS of esophageal cancer patients. CTC-positive patients was a poor prognosis for patients with esophageal cancer. For OS, the risk of death in CTC-positive patients was 1.54 times higher than CTC-negative patients (pooled HR=2.50; 95% CI=2.12-2.94). For PFS, the risk of tumor progression for CTC-positive patients was 2.62 times higher than CTC-negative patients (pooled HR=2.61; 95% CI=2.08-3.28). More death and tumor progression was found in CTC-positive patients compared with CTC-negative patients.
Furthermore, in the subanalysis of the survival effects, our meta-analysis showed a significant prognostic effect for OS and PFS and demonstrated a higher risk of deaths or tumor progression in the CTC-positive patients than the CTC-negative patients in all subgroups. Then, we found that the increased risk of death and tumor progression for CTC-positive patients in non-PCR subgroup was more conspicuous compared with PCR subgroup. Compared with the CTC-negative patients, the increased risk of death and tumor progression for the CTC-positive patients in the two subgroups were 2.68 and 3.53 and 2.41 and 2.35, respectively. Compared with PCR (molecular) methods, non-PCR (cytological) methods could improve the detection specificity, as well as its ability to count CTCs number and recognize viable and functional CTCs. 33 Taken together, non-PCR methods may provide a more accurate result, which was more conspicuous to detect the increased risk of death and tumor progression in CTC-positive patients. Besides, more conspicuous risk of death and tumor progression in CTC-positive patients was also found in high positive rate subgroup than low positive rate subgroup; this may be because more poor prognostic patients can be identified by using high CTC detection rate methods.
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Hou et al For the heterogeneity of the pooled survival effects, a significant heterogeneity was found in PFS (I 2 =50.2%, P=0.014), we conducted the subgroup analyses and meta-regression to explore the sources of heterogeneity according to the covariates of country, number of patients, patients' positive rate and detection methods. We made subgroup analyses and found that the heterogeneity in PFS dropped to insignificant level when studies were stratified by country. Then in the metaregression, we found that the positive rate had positively contributed to heterogeneity in PFS, and it explained almost 100.0% proportion of between-study variance. So we finally confirmed the positive rate as the origin of the heterogeneity in PFS. This may be explained by the difference of incidence, mortality, and prognosis of esophageal cancer in different countries. East Asia was the region with the highest incidence and mortality of esophageal cancer in the world. 1 Besides, we found the patients' number can also contribute to part of heterogeneity in PFS; it explained 11.74% proportion of between-study variance without statistical significance (P=0.277), so the patients' number may be a potential source of heterogeneity in PFS. For the heterogeneity in OS, there was no significance between the studies; we might think that it was consistent for OS between the involved studies. However, the meta-regression shows that patients' positive rate was of significance (P=0.049) and explained almost 100% proportion of between-study variance, and the country also explained part proportion of between-study variance in OS. We thought patients' positive rate was potential source of heterogeneity in OS. Finally, we thought that the country and patients' positive rate were potential sources of heterogeneity in our meta-analysis.
Moreover, we assessed correlation between detection of CTCs, tumor recurrence, response of chemoradiotherapy, and clinicopathological characteristics. The CTC-positive patients were easier to occur tumor recurrence after surgery treatments, and gained poor overall response rate of chemoradiotherapy. After escaped from primary tumor and shed into blood, CTCs could be activated due to the loss of biological control by primary tumor and the alteration of internal environment, then CTCs can form the new metastasis or recurrence and cause the resistance of chemoradiotherapy. 34 The CTC detection can be used to monitor tumor recurrence and chemoradiotherapy efficacy for esophageal cancer, which have been confirmed in other cancers. [5] [6] [7] In addition, our meta-analysis indicated that CTC-positive patients was significantly associated with TNM staging, depth of infiltration, regional lymph nodes metastasis, distant metastasis, lymphatic invasion, and venous invasion. As detection of CTCs is very convenient and comfortable for patients and is repeatable in a noninvasive manner, the presence of CTCs could be used as a monitoring tool for tumor status of esophageal cancer.
There were some limitations in our meta-analysis. First, the meta-analysis used the extracted data, not original data from the individual patients. For the HR and its 95% CI that we used in our meta-analysis, several data were not provided directly and were estimated from the published data. Second, multiple markers were used to identify CTCs, and the standard for CTC-positive patients in the studies was different. These may contribute to the heterogeneity in our meta-analysis. Third, for the significant heterogeneity in PFS, although the country was the main source of heterogeneity, heterogeneity could not be eliminated because of other factors such as patients' number, patients' positive rate, and detection methods. Therefore, large-scale multicenter studies in homogeneous patients were needed to explore the prognositic value of CTCs.
Conclusion
Our meta-analysis confirmed the prognostic value of CTCs in esophageal cancer and indicated that CTC-positive patients were associated with poor PFS and OS. CTC-positive patients were also associated with high recurrence and poor response of chemoradiotherapy. CTCs detection can be used to monitor tumor recurrence and chemoradiotherapy efficacy and prognosis for esophageal cancer. For clinicopathological characteristics, CTC-positive patients were significantly associated with TNM staging, depth of infiltration, regional lymph nodes metastasis, distant metastasis, lymphatic invasion, and venous invasion. In future, large-scale multicenter studies by using the same standardized detection platforms are needed to reduce the inconsistencies across studies.
